The Roque de los Muchachos Observatory, located on the island of La Palma in the Canary Islands, is home of many astronomical facilities. In the context of the Extremely Large Telescope Design Study, an intensive lidar campaign was performed in the ORM near the Jacobus Kapteyn Telescope (17°52'41.2" W, 28°45'40.1" N, 2395 m asl) between 26 th May and 14 th June 2008. The goal of the campaign was to characterize the atmosphere in terms of planetary boundary layer height and aerosol stratification vs. synoptic conditions. As a by-product an estimate of the aerosol optical thickness was also obtained and compared to the total atmospheric extinction coefficient measured by the Carlsberg Meridian Telescope.
INTRODUCTION
The Roque de los Muchachos Observatory (ORM), located in the municipality of Garafía on the northern part of the island of La Palma in the Canary Islands, is home of many astronomical facilities belonging to the European Northern Observatory. Most aerosols reaching the island of La Palma are either from marine/oceanic or African (Sahara and Sahel). From a previous study by Guerrero et al. [1] 25 % of summer nights (June -September) are affected by African dust and only 10 % the rest of the year. While it is well known that African dust can reduce significantly the visibility and therefore the quality of astronomical observations, the effect of marine/oceanic aerosols is not so well characterized and especially their vertical distribution and its effect on the quality of the observations is not known at all.
In the context of the Extremely Large Telescope (ELT) Design Study, an intensive lidar campaign was performed in the ORM near the Jacobus Kapteyn Telescope (17°52'41.2" W, 28°45'40.1"N, 2395 m asl) between 26 th May and 14 th June 2008 (hereinafter noted as 26M and 14J, respectively). The goal of the campaign was 1) to characterize the atmosphere in terms of planetary boundary layer (PBL) height and aerosol stratification vs. synoptic conditions, and 2) also to correlate the atmospheric structure with astronomical parameters tracers of the visibility and/or the turbulence. As a byproduct an estimate of the aerosol optical thickness (AOT) was also obtained and compared to the total atmospheric extinction coefficient measured by the Carlsberg Meridian Telescope (CMT) using the observations of about 30 to 40 calibrating stars per night.
The paper is organized as follows: Section 2 describes the instrumentation and the method used in the study; Sections 3 and 4 give the results of the aerosol stratification and loading in ORM, respectively, and finally Section 5 presents the conclusions of the study.
INSTRUMENTATION AND METHOD
The first day of the campaign, 26M, was dedicated to instrument set-up and testing. The measurements really started on the night of 27M and ended on the morning of 14J, i.e. over a period of 16 nights (during 2 nights, 30M and 31M, the measurements had to be aborted because of low clouds at ground level).
The method employed to retrieve the aerosol stratification as well as the AOT by-product is based on lidar measurements performed during 27M -14J. Measurements from collaborative close-by instruments, as well as model (synoptic maps, backtrayectories, etc.) and satellite tools are also used. Table 1 shows the schedule of the measurements performed by the lidar. A total of 31 measurements of usually 60-min. duration were performed. In some cases coinciding with relative close overpasses of the CALIOP (Cloud-Aerosol Lidar with Orthogonal Polarization) lidar on board of CALIPSO (Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation) [2] , the measurement was extended to 150 min. 
Lidar
The lidar from the Universitat Politècnica de Catalunya (UPC) is based on a frequency-doubled Nd:YAG laser delivering simultaneously pulses of approximately 160 mJ and 7-ns duration at 1064 and 532 nm [3] . The backscattered light is collected by an 8-inch diameter Schmidt-Cassegrain telescope and focused on one end of an optical-fiber bundle. At the other end of the bundle dichroic beamsplitters deflect the collected light towards 3 photodetectors. An avalanche photodiode-based receiver is used for the 1064-nm channel. A photomultiplier tube-based receiver is used at both 532-and 607.4 nm channels, the latter corresponding to the Raman shift of the incident radiation at 532 nm produced by the atmospheric nitrogen. The system full overlap factor is reached at approximately 400 -500 m.
The lidar was shipped from Barcelona to the Canary Islands by boat and installed near the Jacobus Kapteyn Telescope. Fig. 1a shows a detailed view of the UPC lidar optical head and Fig. 1b shows the system operating during nighttime in front of the Jacobus Kapteyn Telescope. Even though only one type of measurement is used in this work, two types of measurement were performed as follows:
• Nocturnal cycle: static measurement of usually 60-min. duration in a zenith line of sight (LOS) with a 1-min. resolution. The retrieved parameters are: AOT, vertical aerosol distribution, PBL height, and extinction and backscatter coefficient profiles.
• Wind -horizontal: repeated (generally 60 times) alternative measurements between 2 LOS separated by an azimuth angle of 1 to 5 º (generally 5 º). At each LOS the measurement is of 1.5-to 5-s duration (generally 3-s). The elevation angle is 30 or 40 º. The initial azimuth angle is 80 º compared to the North. The retrieved parameters are: PBL height (when the signal is not totally attenuated before it), horizontal components of wind velocity.
(a) (b) The retrieval of the PBL was made using the gradient method [4] . All profiles were visually inspected and the resulting PBL height was cross-compared to the previous and the following value in order to guarantee temporal coherency of its evolution. The retrieval of the aerosol optical coefficient profiles (backscatter and extinction) were retrieved by means of:
• The Klett-Fernald-Sasano method [5] - [7] using a constant lidar ratio of 30 sr.
• The Raman inversion method [8] for the 150-min. long measurements.
The AOT was measured by integrating the aerosol extinction coefficient profile from the minimum height of confidence, usually between 400 and 500 m agl, and up to the free troposphere, more specifically during the campaign up to heights varying between 3.1 and 6.8 km agl. The first part of the PBL not "seen" by the lidar, because of its incomplete overlap factor, was taken as the extrapolation of the extinction profile at the minimum height of confidence. can be extracted from a look-up table given in [9] for any other wavelength. According to [10] 
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In situ meteorological information
Ground pressure, temperature, and humidity, as well as wind speed and direction were also provided by the weather station of the Isaac Newton Group of Telescopes situated a few hundreds meters away from the lidar.
Satellite and model tools
The DREAM (Dust Regional Atmospheric Model) model was used as well as MODIS (Moderate Resolution Imaging Spectroradiometer) images to discard the presence of Saharan dust during the nights of measurements.
Mean synoptic maps of sea level pressure were generated from the NCEP-NCAR (National Centers for Environmental Prediction-National Center for Atmospheric Research) reanalysis project [11] .
AEROSOL STRATIFICATION IN ORM
Synoptic situation
According to a thorough study of the day-after-day evolution of synoptic maps of the sea level pressure provided by the NCEP-NCAR reanalysis project [11] , it is possible to distinguish two main synoptic patterns during the duration of the campaign: 27M -02J and 03J -14J. Fig. 2 shows the average map at 0000 UTC for both periods. The first half of the campaign was dominated by a stable anticyclone situation centered on the Azores islands or slightly southwest of them, a situation that can possibly be considered typical. In the second half of the campaign a new high pressure system coming from the Caribbean pushed the Azores anticyclone northeast towards Western Europe. These two situations bring air masses from different origin and identified according to [12] as Atlantic (marine/oceanic) during 27M -02J and European (anthropogenic emissions from sulfates and carbon) during 03J -14J. 
Aerosol stratification in ORM
The temporal evolution of the range-square corrected signal (RSCS) at 1064 nm during the 16 nights of the campaign is shown in Fig. 3 and Fig. 4 . The choice for representing the 1064-nm channel profiles comes from the higher contrast between aerosols and molecules that offers that wavelength compared to 532 nm. Another issue to take into account for interpreting correctly those two figures is that the color bar scale is adjusted for every night in order to emphasize the signal variations in the PBL. Consequently according to the state of the PBL the molecular region (aerosol-free) appears or blue or yellow-green. The mean PBL height calculated every 30 min. is also indicated by '+' signs as well as its error bar computed as the standard deviation of the 30 profiles used to calculate the mean PBL height. Mid-and high-altitude clouds (above 4.2 km agl) were present on two nights: 28M -29M and 29M -30M. The main feature is that all figures show a multi-layer stratification: during the first part of the campaign a single layer is detected above the PBL while in the second part several layers are observed. During the whole campaign the nocturnal cycles show in general a low nocturnal PBL at a mean height of 543 ± 39 m agl and always lower than 1000 m agl. During the first and the second part of the campaign the mean PBL height is around 487 ± 30 m and 571 ± 82 m agl, respectively. These heights are slightly higher than measurements made in June -July 2007 by Sicard et al. [13] in the Teide Observatory on the neighboring island of Tenerife at 2400 m asl where the PBL heights fluctuated between 375 and 810 m agl.
Fig . 5 shows the temporal evolution of the PBL height during the whole campaign, as well as the highest aerosol layer detected by the lidar. The average of the latter layer is around 3349 m agl. During the first and the second part of the campaign it rises up to 1983 and 4008 m agl, respectively, which corresponds to 4378 and 6403 m asl. In terms of aerosol distribution above sea level these layers are remarkably high.
AEROSOL LOADING AND DISCUSSION
The lidar AOT was retrieved at both wavelengths of 1064 and 532 nm. However in approximately half of the cases the inversion at 532 nm failed due to too weak signals of the aerosol return of the order of magnitude of the error range. Fig.  6 shows the temporal evolution of the AOT, which is very low at both lidar wavelengths: the average values are 0.04 and 0.0045 at 532 and 1064 nm, respectively. The average AOTs for the first and for the second part of the campaign are, respectively, 0.05 and 0.03 at 532 nm, and 0.008 and 0.003 at 1064 nm. In the second part of the campaign, the AOT at 1064 nm seems to be rather constant over the whole period. In spite of more extended aerosol vertical distributions in the second part of the campaign the AOT results lower than in the first part indicating that the highest layers do not contribute significantly to the optical thickness in the atmospheric column. Since the PBL height did not vary significantly between both periods, it also indicates that the type of aerosols contained in the PBL, or at least their optical properties, was different for both periods. A striking difference between both periods was observed on the continuous measurements of humidity at ground level performed at the meteorological station of the Isaac Newton Group of Telescopes: the average value was approximately between 50 -75 % and below 25 % during the first and the second part of the campaign, respectively. The aerosol higroscopicity might explain the reason why higher AOTs were found in the first part of the campaign compared to the second period. As an example, Shettle and Fenn [14] reported an increase of the extinction coefficient of marine aerosols of 20 and 40 % at 532 and 1064 nm, respectively, when the relative humidity was increased from 10 to 70 %.
The comparison between the lidar-derived and the CMT-derived TOT at 532 nm over the whole campaign is shown in Fig. 7 . The minimum value of the CMT-derived TOT is 0.1089 and apart from this value all the others are higher than 0.1105 which represents the upper limit indicating no atmospheric extinction at all. Therefore the CMT confirms the presence of aerosols on all nights. Additionally it also confirms the absence of Saharan dust since the TOT does not exceed (except in one case on 28M at 0031 UTC) the lower limit indicating the presence of Saharan dust fixed to 0.1409 by Guerrero et al. [1] (and converted in TOT in the present paper). The humidity at ground level revealed that on the night of 27M -28M exceeded 50 % and that before 2200 UTC it even reached 100 %. The mean value of CMT-derived TOT over the whole campaign is 0.1172 which is a relatively large value compared to the mean value of 0.104 calculated over 15 years (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) by Guerrero et al. [1] (and converted in TOT here). This results also confirms the conclusion from the same authors that in summer high-extinction episodes are more frequent than the rest of the year. The mean CMT-derived TOT over the first part of the campaign, 0.123, is slightly larger than over the second part, 0.115. From Fig. 7 , the lidar-derived TOT fluctuated between 0.123 and 0.186 while the CMT-derived TOT remains more or less constant around the average value of 0.1172. No correlation is found between both quantities probably because of the mixing state of the aerosols as also suggested by Varela et al. [12] when comparing 
CONCLUSION
An astronomical site has been characterized in terms of aerosol stratification and loading by means of an aerosol, backscatter lidar in the framework of the "Extremely Large Telescope Design Study" European project. To our knowledge it is the first time that results from such an experiment are presented. A total of 31 measurements of at least 60-min. duration were performed during 16 nights at the Roque de los Muchachos Observatory at 2395 m asl during 26 May 2008 and 14 June 2008. Two main synoptic scenarios were identified bringing, supposedly, marine/oceanic aerosols in the first half of the campaign and European aerosols in the second half. In both scenarios the lidar nocturnal cycles revealed a multi-layer stratification. During the whole campaign the nocturnal PBL is relatively low at a mean height of 543 ± 39 m agl and does not change significantly between the first and the second part of the campaign, whereas, respectively, the highest layer of aerosols has its top at 1983 and 4008 m agl, which corresponds to 4378 and 6403 m asl, which denotes remarkably elevated layers. As far as aerosol loading is concerned, the AOT is very low: the average values are 0.04 and 0.0045 at 532 and 1064 nm, respectively. During the first part of the campaign the AOT was approximately two to almost three times higher than in the second part whereas the highest aerosol layers were detected at lower altitude. This indicates whether a higher aerosol concentration in the first part of the campaign or a quite different (more absorbing) aerosol composition. Another possible explanation might be the change in the aerosol humidity which at ground level was two to three times higher in the first part of the campaign compared to the rest of it. The average total extinction coefficient measured by the CMT instrument is 0.1273 mag·airmass -1 . It is a relatively large value compared to previous statistical studies [1] which confirms the fact that in summer high-extinction episodes are more frequent than the rest of the year.
